Pancreatic fistula is the most serious postoperative complication after pancreaticoduodenectomy, and it leads to intra-abdominal abscess, sepsis, hemorrhage and high mortality. To prevent pancreatic fistula, wrapping of skeletonized vessels and the anastomotic site of the pancreaticoenterostomy using the round ligament, greater omentum, or both has been evaluated. However, the round ligament and greater omentum have already been resected in patients who have previously undergone total gastrectomy, making them unavailable in pancreaticoduodenectomy. Therefore, we developed a procedure for wrapping the anastomotic site of the pancreaticojejunostomy using the jejunum, namely the 'jejunal scarf-covering method' as a novel technique to prevent pancreatic fistula following pancreaticoduodenectomy in patients who have previously undergone total gastrectomy.
Introduction
Pancreaticoduodenectomy (PD) is commonly used for the surgical treatment of malignancies of the ampulla of Vater, duodenum, head of the pancreas and distal common bile duct. Recent advances in surgical techniques and perioperative management have resulted in low mortality rates; however, the morbidity rate after PD remains high. Pancreatic fistula (PF), in particular, is the most serious postoperative complication [1, 2] . PF leads to intra-abdominal abscess, sepsis, hemorrhage and high mortality [3, 4] . To prevent PF, wrapping of skeletonized vessels and the anastomotic site of the pancreaticoenterostomy using the round ligament [5, 6] , greater omentum [7, 8] , or both [9] has been evaluated. With the increase in life expectancy in recent years, the probability of patients having to undergo a second operation for a different diagnosis from that of the original operation has increased. Consequently, there is an increased probability of performing PD in patients with pancreatic or periampullary cancer who have previously undergone gastrectomy. When PD is performed as a second operation, it is important to consider the gastroenteric reconstruction used in the prior operation when selecting an appropriate reconstruction following PD. However, the round ligament and the greater omentum have been resected in patients who have already undergone gastrectomy, making their use unavailable following PD. Thus, we developed a method of wrapping of the anastomotic site of the pancreaticojejunostomy (PJ) using the jejunum. This 'jejunal scarf-covering method' is a novel technique that can prevent PF following PD for patients who have previously undergone total gastrectomy.
Case Report
A 68-year-old man underwent left hemicolectomy due to descending colon cancer 15 years ago, and a total gastrectomy due to gastric cancer 4 years ago. Follow-up contrast-enhanced computed tomography in an outpatient clinic revealed bile duct dilation and a palpable gallbladder but no jaundice. On admission, laboratory studies indicated increased levels of aspartate aminotransferase (59 IU/l), alanine aminotransferase (166 IU/l) and alkaline phosphatase (999 IU/l); however, the levels of serum total bilirubin (0.7 mg/dl) and tumor markers such as carbohydrate antigen 19-9 (37 U/ml), carcinoembryonic antigen (0.9 ng/ml), DUPAN-2 (25 U/ml) and Span-1 (19 U/ml) were normal. Abdominal ultrasonography revealed a heterogeneous hypoechoic mass in the common bile duct and markedly dilated bile ducts over the neoplasm. Computed tomography did not reveal any metastatic tumors in the liver or the intra-abdominal cavity. Magnetic resonance cholangiopancreatography indicated dilation of the upper common bile duct and biliary tree as well as tumor defection at the lower common bile duct ( fig. 1 ). The pancreatic duct was not dilated. Contrast-enhanced arterial and portal phase images showed no encasement of the artery or portal vein. From these results, adenocarcinoma of the common bile duct was diagnosed; therefore, we performed PD.
The original operations involved left hemicolectomy with end-to-end transverse colonrectosigmoid anastomosis and total gastrectomy with Roux-en-Y reconstruction. In this case, the colon was displaced toward the right side of the abdomen and the Roux limb was 40 cm from the ligament of Treitz.
The second portion of the duodenum was resected 20 cm proximal from the ligament of Treitz with resection of the gallbladder and common bile duct, as well as removal of the pancreas head. A pancreatic stent was inserted into and fixed within the pancreatic duct. The proximal jejunum was brought to the hepatic hilum in the retrocolic position. The proximal jejunum was 15 cm long and bent downward, and the serosa of the jejunum was then sutured side-to-side for 5-6 cm using 3-0 silk to create a double jejunal loop. The remnant pancreas with the pancreatic duct tube was placed on the jejunal double loop. A bilayer end-to-side anastomosis was constructed using duct-to-mucosa anastomosis with interrupted 4-0 absorbable sutures reinforced by a seromuscular-parenchymal layer of 3-0 silk at one side of the jejunum on the jejunal double loop. The pancreatic duct tube was brought out through the jejunum and the abdominal wall ( fig. 2a) . After PJ, the proximal site of the jejunal loop that was opposite the PJ was bent over, rolled around and wrapped around the anastomosis of the PJ (fig. 2b) . The area surrounding the serosa of the jejunum was sutured to the pancreatic parenchyma using 3-0 silk ( fig. 2c) . Finally, an end-to-side hepaticojejunostomy was performed using a single layer of interrupted 4-0 absorbable monofilament sutures and an inserted biliary lost tube ( fig. 3) . Two drains were placed (one for the hepaticojejunostomy, the other for the PJ) and brought out on the right just below the subcostal incision.
Operative time was 7 h 25 min, blood loss was 1,430 ml, and 4 units of blood were required. According to the general rules of the surgical and pathological studies on cancer of the biliary tract proposed by the Japanese Society of Biliary Surgery, this tumor was a moderately differentiated tubular adenocarcinoma of the bile duct and was classified as a stage VIa tumor (pT4, H0, P0, M-). PF did not develop in this patient. One month after surgery, the patient's serum albumin level was normal (3.9 g/dl) and his weight had returned to that before the operation.
Discussion
Major pancreatic resection currently provides the only possibility of cure, or even increased survival, in patients with pancreatic and periampullary cancers. Consequently, there is an increased probability that patients with pancreatic or periampullary cancer who have previously undergone gastrectomy will undergo PD. However, PF has been the major concern in PD. Several studies have shown that pancreaticogastrostomy is associated with a very low rate of anastomotic leakage, suggesting that it is safer than PJ [10, 11] . However, pancreaticogastrostomy is theoretically unsuitable because the remnant stomach is small after gastrectomy, particularly in patients who have previously undergone distal or extensive gastrectomy. Thus, PJ is performed as pancreaticoenterostomy in patients who have previously undergone total gastrectomy.
To prevent PF, wrapping of skeletonized vessels and the anastomotic site of the pancreaticoenterostomy using the round ligament [5, 6] , greater omentum [7, 8] , or both [9] has been evaluated. In general, Roux-en-Y reconstruction is performed after total gastrectomy, and the round ligament and the greater omentum are subsequently resected during total gastrectomy. Thus, wrapping the anastomotic site of pancreaticoenterostomy using the round ligament or the greater omentum is not possible.
It has been proposed that a soft, friable, and normal pancreas of normal size with a thin-walled main pancreatic duct increases the risk of PF. Nevertheless, surgical technique still plays a crucial role in preventing PF. Therefore, we routinely use a pancreatic stent tube to drain external pancreatic juice. Moreover, we use a jejunum substitute for the round ligament or the greater omentum to wrap the pancreatic anastomotic site.
After total gastrectomy, malnutrition and weight loss due to absence of gastric function are major issues. Further invasive surgeries such as PD may increase these nutritional deficiencies. Duodenum-preserving resection of the head of the pancreas was first introduced by Beger et al. [12] for chronic pancreatitis. Since then, several modified procedures have been introduced, including pancreatic head resection with second-portion duodenectomy (PHRSD) [13, 14] . However, Ahn et al. [15] found that preservation of the duodenal segment may play a significant role in the absorption of iron, calcium, fat and folic acid in PHRSD. The duodenum and the upper part of the jejunum are very important portions with regard to gut hormone secretion. Thus, preservation of the duodenal segment and the upper jejunum may be desirable for prevention of malnutrition. Fortunately, in our case, the Roux limb was longer and we were able to preserve the third portion of the duodenum using the Roux limb longitudinally in an effort to maintain gut hormone secretion. Moreover, this technique does not require jejunojejunostomy and reduces the anastomosis. As a result, the patient's nutritional state was fairly maintained.
To our knowledge, there have been no reports on a similar jejunal scarf-covering method to prevent PF following PD in patients who have undergone total gastrectomy. This constructive technique might be useful for preventing PF and maintaining postoperative nutrition in patients who have previously undergone total gastrectomy.
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Fig. 2.
Covering jejunal double loop. The proximal jejunum was brought to the hepatic hilum in the retrocolic position. a The proximal jejunum was 15 cm long and bent downward, and the serosa of the jejunum was then sutured side-to-side for 5-6 cm using 3-0 silk to create a double jejunal loop. b The proximal site of the jejunal double loop opposite the PJ was bent over, rolled around and wrapped around the anastomosis of the PJ. c The area surrounding the serosa of the jejunum was sutured to the pancreatic parenchyma using 3-0 silk. Fig. 3 . Reconstruction findings. An end-to-side hepaticojejunostomy was performed using a single layer of interrupted 4-0 absorbable monofilament sutures and an inserted biliary lost tube.
